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Since many heterogeneous chemical reactions take place at solid-liquid or solid-gas inter-
faces, there is no doubt that interfacial chemistry is an important branch of science and
technology that has attracted intensive attention for a long time. Adsorbed molecules can
change the properties of interfaces significantly. Hence, the study of adsorptions is a key
issue in interfacial chemistry. Various experimental and theoretical methods have been
continuously introduced and applied in this field, aiming to provide deep understanding
of the complex adsorption behaviors at the molecular and atomic level. Surface-enhanced
Raman scattering (SERS) spectroscopy, as well as the modern electrochemical methods
are two kinds of important techniques that can be applied in-situ. Nevertheless, it is still
difficult, if not impossible, to directly infer the molecular details of the interfacial structure
based only on the experimental observations. Theoretical simulations are often indispens-
able for this purpose. On top of previous models, we propose, in this dissertation, some
new theoretical models for both SERS and interfacial electrochemistry. Better simulations
of the real experimental situation have been carried out, which offers new insights into the
interfacial structures at the molecular level.
The first project addressed in this dissertation is related to theory of SERS. SERS mea-
sures the vibrational spectroscopy of the interfacial molecules. According to the standard
Raman theory and SERS models, the huge enhancement factor in the surface-enhanced
Raman scattering arises from two parts of contributions. The first part is due to the interfa-
cial nano-structure that enhances the applied electromagnetic filed acting on the adsorbed
molecules. This part is the so-called physical enhancement. The other part of enhance-
ment comes from the changing of derivatives of molecular polarizabilities in the chemical
environment of the adsorbed molecules. This one is the so-called chemical enhancement.















fect is to assume that these two mechanisms are separable such that their contributions
can be calculated separately. However, physical enhancement mechanism alone has the
difficulty in explaining why the relative Raman intensities change when molecules adsorb
on substrates. On the other hand, the enhancement factors calculated by chemical en-
hancement mechanism alone often fall far short of the experimental observations. In this
dissertation, we propose a newmodel which combines the standard Raman theory with the
reaction field theory to explore the two SERS mechanisms in a united way. According to
the reaction field theory, molecular polarizabilities of the adsorbed molecules in a specific
nano-structure are considerably different from those of the corresponding free molecules.
This difference should have effects on both parts of enhancements. We propose here a
coupling mechanism in which physical and chemical enhancements are coupled together
through molecular polarizabilities. From this new model, we have reached two key con-
clusions: (1) The applied electromagnetic field is modulated by the adsorbed molecules
in the nano-structure due to the significant changes of their molecular polarizabilities.
This modulation can increase or decrease the enhancement factor calculated regularly by
physical enhancement mechanism. (2) Changing of molecular polarizabilities is always
accompanied by a changing of derivatives of polarizabilities, which, in turn, leads to an
increase of the enhancement factor as compared to that calculated by regular chemical
enhancement mechanism. We suggest that changed molecular polarizabilities correct the
regularly calculated enhancement factor by a coupling factor. This extra factor can be
larger than 106 in some specific conditions, and therefore has to be taken into account.
This finding is of great importance towards a comprehensive understanding of the SERS
mechanisms and a quantitative prediction of the enhancement factor.
The other project addressed in this dissertation is related to the theory of interfacial electro-
chemistry. Traditional electrochemical theories ignore the particle property of solutions
such that the statistical behavior of electrode potentials is missing. In this dissertation, we
propose a novel protocol that combines classical molecular dynamics with first principles















namics to obtain a series of molecular structures of the metal/solution interfaces. We then
carry out DFT calculations on top of these structures to obtain the statistical behaviors of
potential of zero charge (PZC).While the averaged PZCs from our calculations are in good
agreement with those from experiments, the present calculations disclose a surprising re-
sult that PZCs actually have a broad distribution at room temperature. We suggest that the
protocol proposed here is valuable and practical for simulation of the statistical proprieties
of the electric double layer, even though such a PZC distribution is not measured directly
in the experiments, possibly due to the time resolution of the currently used equipments.
We infer that the theoretically predicted PZC distribution will help shed light on the full
understanding of complex interfacial electrochemical systems.
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